The study was conducted to identify the best eating quality of some common fruits in the Malaysian local market. The selected market fruits such as papaya, mango, banana, wax apple (jambu madu) and tomato were collected from local markets located in Besut, Terengganu, Malaysia at different ripening stages. The qualities of these fruits were determined by the peel colour analysis, juice, total soluble solids, anthocyanin and total flavonoid content at different ripening stages. Furthermore, sensory evaluation was tested to find out the consumer preferences of fruit at different ripening stages by giving score to the attributes. The L* and a* values and hue angle showed significant differences between ripening stages of all fruits. Meanwhile, there was no significant difference between ripening stages of tomato for b* value and also of mango, wax apple and tomato for Chroma value. As for juice content, the highest value was shown in papaya with significant differences. On the other hand, the highest TSS content was shown in banana with significant differences. Anthocyanin content was found to be the highest in banana as compared to other fruits, with significant differences. Meanwhile, flavonoid content was the highest in banana with significant differences. Sensory evaluation indicated that banana has the highest score compared to other fruits. Juice, TSS and anthocyanin content were correlated with each other and ripen fruits contain the better peel colour. This study showed that mango and banana were the two best fruit to be consumed as it has the best quality, with the best stage to consume was at the ripen stage.
Introduction
Fruit quality has become a subject of an increasing consciousness among consumers during fruit selection at the local market. The term quality is related to the degree of excellence and absence of defect of a fresh fruit, which implies to the sensory attributes (appearance, colour, texture, flavor, and aroma), nutrient (energy, carbohydrates, and fiber), and functional properties (vitamins and minerals). According to Kamol et al. (2014) , fruits harvested at different maturity stages exhibit significance variation in the fruit quality. Moneruzzaman et al. (2008) reported that tomato fruits harvested at different maturity stages exhibit significant variation in the biochemical properties. Fruit ripening stages involve dramatic changes in colour, composition, aroma, flavour and texture. Ripening as the results of a series of degradable processes which are regulates by various hydrolytic enzymes. These include in changes in metabolism and gene expression which have a dramatic effect on fruit quality. Thus, fruit quality is affected by the maturation of fruit which exhibits different nutrient content and other phytochemical values. Horticultural produce are easy perishable products and one of the biggest challenges of local farmers nowadays is to convince the consumers to buy their products. Fruit quality is a concept, which includes sensory, mechanical and functional properties as well as bio-chemical composition and nutritional values (Abbot, 1999) . Consumer behavior of selecting fresh fruits was based on the best visual appearance by the uniformity of size, shape, and colour. The components of visual quality can also be deduced by glossiness, the absence of a defect in shape or peel, and disease free. Thus, most of the consumers are prone to look for the best visual appearance in consideration of fresh fruit selection compared to its nutritional value. On the other hand, the lack of knowledge of the nutritious principles of fruits, as well as fruits partial use due to improper eating habits causes the waste of horticulture produce. It is important to provide knowledge on choosing the best fresh fruit quality by using the peel colour assessment according to its maturation and ripening stages. The local market fruits consist of a wide variation of seasonal and tropical fruits. This local fruit of papaya, mango, banana, wax apple and tomato are available in our local market throughout the year as they are grown locally by our farmers. The fruits can be categorized into climacteric and nonclimacteric fruits. Climacteric fruit is when the respiration rate of the fruits increases to a maximum just before full ripening occurred along with the increase of ethylene production before senescence (Sudheer and Indira, 2007) . Meanwhile, nonclimacteric fruit is when the respiration rate of some fruits does not accelerate after the fruit has been harvested. This nonclimacteric fruit is suggested to be harvested when it had already ripened because they are not capable of continuing the ripening process once removed from the plant (Sudheer and Indira, 2007) . Furthermore, this climacteric process can cause physiological changes in the fruit that include colour changes, sugar formation and phytochemical development. The consumer would inquire about the information on quality consumption of fruits. Fruit quality differs in different ripening stages of fruits, and fruit quality can be change by some horticultural techniques (Moneruzzaman et al., 2013) . Consumers however usually judge the quality of fresh fruits on the basis of colour during their purchases from markets. A small number of consumers are more concern about the nutritional quality of fresh fruits; which are excellent source of energy, vitamins, minerals, dietary fibres, and many bioactive compounds that enhance human health. Fruits supply arrays of colors, flavor, texture and bulkiness to the pleasure of eating and they are essential for the proper maintenance of human health. Fruit has long been promoted for their health benefits in preventing various cancer and age-related diseases. The information about fruit quality is scarcely determine by observing the external colour. Hence, there is no specific standard to measure the quality of local fruits. Thus, the objectives of this study were to measure the fruit peel colour and TSS content at different ripening stages of fruits, to determine the anthocyanin and flavonoid content in local market fruits, and to identify a standard for best eating quality of local markets fruits
Results and discussion

Peel colour analysis
The result of peel colour analysis of Hunter L*, a* and b* values parameters, Chroma values and hue angles in papaya, mango, banana, wax apple and tomato according to ripening stages were presented in Figures 1& 2 and Table 3 . The result shows that there were significant differences (P˂0.05) between ripening stages of all fruits for L*, a* and hue angle. Moreover, there is significant differences (P˂0.05) in papaya, mango, banana and wax apple between different ripening stages for b* value, and for Chroma value of papaya and banana. However, there was no significant difference (P˃0.05) between ripening stage of tomato for b* value and also in mango, wax apple and tomato for Chroma value. The L* value which indicates the lightness of all fruit samples at different ripening stage was determined. Banana, mango and papaya had shown a significant increase as the fruit ripened (Figure 1 ). The greatest luminosity (high L* value) had shown in banana as compared to other fruits with the highest value (73.20) at over-ripen stage. As for wax apple and tomato, along the ripening process, the fruit had a significant decrease of L* value. The least luminosity was found in wax apple and tomato at over-ripen stage with values of 32.70 and 40.74, respectively. Wax apple showed least luminosity that are correlated with colour pigment, which is can be distinguished by a dense red colour of the peel, and this phenomena was supported by AyalaSilva et al. (2005) in 'Tommy Atkins' mango cultivar. Thus, the greatest luminosity can be distinguished by dense red peel colour and least luminosity can be distinguished by green peel colour. The luminosity of fruit peel in immature fruit can have the highest value and decrease as the maturation process takes place. Lower value of luminosity can be an indicator to determine the later stage of maturity.
The a* or red-green value of all fruit samples at different ripening stage was determined. All fruits had a significant increase of colour components from unripe stage to the overripen stage (Figure 2 ). The high a* value in wax apple and tomato can be seen at over-ripen stage with values of 20.66 and 22.97, respectively. Whereas, the low a* value was recorded in banana, papaya and mango at unripe stage with negative value. Negative value of a* can be distinguished by green peel colour and positive value in red peel colour of Maridol papaya at unripe stage and ripen stage as published by Basulto et al. (2009) . Thus, a* value can be an indicator for ripened fruit but not for early maturity. The b* or yellow-blue value of all fruit samples at different ripening stage was also determined. Papaya, mango, and banana had a significant increase of b* value along with ripening ( Figure 2 ). Meanwhile, tomato had no significant difference (P˃0.05) between the ripening stages, which means there is no colour change because of the slow ripening process which was supported by Rosnah et al. (2012) , that also indicated no significant difference (P˃0.05) of wax apple b* value during ripening. Wax apple showed slight decrease of b* value at the lowest value (12.91) in the over-ripen stage and the highest value (21.96) in the unripe stage. Peel colour is a good indicator to determine the maturity stage in which the a* value can be used to detect early maturity of fruit while b* value can be used to detect late maturity as reported by Basulto et al. (2009) . The chroma value of different fruit based on their ripening stage had been determined and the value was found different in different types of fruits. The results showed that chroma and hue colour space values of the fruits were significantly affected by ripening stages (Table 1) . Papaya and banana gave significantly increased chrome values as the fruit ripen. Meanwhile, mango, wax apple and tomato had shown no significant difference (P˃0.05) which indicated the saturation of fruit peel had no change over ripening. This demonstrates that peel colour of fruits was varied with fruit types and maturity stages. It was reported that fruit peel colour also depends on variety of fruits . Application of plant growth regulators and phloemic stress stimulate the development of colour of plant parts (Saifuddin et al, 2009 ). The highest saturation was found in papaya with the highest value (68.86) at ripen stage. However, the wax apple showed the lightest saturation with the lowest value (22.95) at ripens stage. The peel colour intensity was associated with ripening process as reported by Basulto et al. (2009) . Besides fruit maturity and ripening process, colour of the plant parts also depends on removal of young leaves and plant growth regulators treatment (Moneruzzaman et al., 2010a) The hue angle of local fruit samples at different ripening stages had been determined. Fruit peel showed green colour at the unripe stage with hue angle values ranging from 104.67° in tomato to 122.41° in papaya. The yellow peel colour of banana was developed at hue angle value of 93.46° during ripen stage (Table 1) . Lower hue angle value indicates the red peel colour as shown in tomato (41.97°) and wax apple (52.11°), repectively, at over-ripen stage that was supported by Ayala-Silva et al. (2005) . The highest hue angle value with the dull dark green colour was recorded in unripe papaya fruits, followed by banana and wax apple, respectively (Table 1) . At the colour turning stage, wax apple fruits produced a dull yellowish-red and the lowest hue angel compared to other fruits. Tomato fruits at ripen stage produced dull light reddish-yellow colour and the lowest hue angel than other fruits. The lowest hue angle value with the dull yellow orange colour was recorded in tomato fruits. Thus, Chroma value and hue angle showed correlation to ripening of fruit. Fruit in unripe stage can be determined by lower saturation with high value of hue angle. Meanwhile, ripen fruit has higher saturation with low value of hue angle.
Juice content
The results of juice content in ripening stages of papaya, mango, banana, wax apple and tomato were presented in Figure 3 . The results showed significant differences (P˂0.05) between the ripening stages of papaya, mango, banana, wax apple and tomato. Based on Figure 3 , papaya had shown the highest juice content compared to other fruits with a low amount of juice in unripe stage (36.34 v/w) and over-ripen stage (92.29 v/w). However, banana had shown the lowest juice content compared to other fruits with increasing of juice content from the lowest amount in unripe stage (3.98 v/w) and the highest amount in over-ripen stage (37.96 v/w). Meanwhile in unripe stage of mango, it had shown the lowest juice content and increase with maturation that the showed highest juice content in over-ripen stage, in which can also be seen in wax apple and tomato. This had shown that in tomato, the juice content was affected by its maturity stage and can be contributed to different amount of juice at different maturity stage (Tilahun, 2013) . However, juice content was also influenced by the fruit water content and its loss from the fruit (Jan et al., 2012). The best stage to consume fruit was at overripen stage as the juice content is the highest in all fruit. Meanwhile, papaya was the best fruit to consume as it contains the highest juice content compared to banana which has the lowest juice content.
Total Soluble Solid (TSS)
The result of TSS content in ripening stages of papaya, mango, banana, wax apple and tomato were presented in Figure 4 . The result showed significant differences (P˂0.05) between the ripening stages of papaya, mango, banana and wax apple. However, there was no significant difference (P˃0.05) in ripening stages of tomato. Based on the Figure 4 , banana had shown the highest TSS content compared to other fruits with the highest value in overripen stage (22° Brix). According to Sandipkumar and Shanmugasundaram (2015) , fruit ripening in most fruits including banana causes starch hydolysis that result in sugar formation. Sugar content of plant parts affects their quality and storage life (Moneruzzaman et al., 2010b ). Meanwhile, tomato had shown an increase in TSS content as the fruit matured but, showed no significant difference and possessed the lowest value (2.9° Brix) as compared to other fruits. It had also been shown that mango and wax apple had significantly increased their of TSS contents as the fruit matured, with the lowest value in unripe stage and the highest value in over-ripen stage (Figure 4) . The TSS content also increased significantly (P ˂ 0.05) by the ripening process in papaya as reported in the study by Zuhair et al. (2013) . The best stage to consume all fruits was at over-ripen stage as it contain the highest TSS content and banana was the best fruit to consume which has the highest TSS content as compared to tomato with the lowest TSS content.
Total monomeric anthocyanin pigment
Anthocyanin pigment content was found to be lower in tomato compared to other fruits with no significant difference (P ˃ 0.05). Meanwhile, banana had been shown to have the highest content of anthocyanin pigment as compared to other fruits with a significant decrease from high content at unripe stage at value of 0.341 mg/L to low content at over-ripen stage with value of 0.109 mg/L ( Figure 5 ). The anthocyanin pigment in papaya showed a significant increase and decrease as the fruit matured, with low content in unripe stage with value of -0.102 mg/L and high content in colour turning stage with value of 0.009 mg/L. Meanwhile, the anthocyanin pigment content in mango showed a significant increase with the highest value (0.239 mg/L) in over-ripen stage and the lowest value (0.015 mg/L) in unripe stage ( Figure 5 ). Anthocyanin pigment in wax apple had shown no significant difference (P ˃ 0.05) with the lowest value in overripen stage (0.083 mg/L) and the highest value in unripe stage (0.134 mg/L). Khandaker et al. (2011) reported that anthocyanin content correlated with peel colour of wax apple in girdle fruits.
The anthocyanin pigment accumulation is correlates with peel colour changes as reported by Pedisic et al. (2010) , that indicates high anthocyanin content in darker colour of sour cherry cultivar. The best stage to consume fruit is when the matured fruit ripen as it contains high anthocyanin pigment compared with immature fruit. Banana was the best fruit to consume as it has the highest anthocyanin content as compared to tomato which has the lowest anthocyanin content.
Total flavonoid content (TFC)
Flavonoid content was found to be lower in papaya than other fruit with values between -0.69 to 1.27 mg QE/100 g ( Figure 6 ). However, the papaya is not significantly different (P ˃ 0.05) against the ripening stage in which there are not much changes of flavonoid content during the ripening process. Figure 6 shows the flavonoid content of banana was significantly higher than other fruits which was between 18.96 to 40.37 mg QE/100 g.
The flavonoid content in wax apple and tomato had been shown to be lower in over-ripen stage with values of 3.77 and 0.37 mg QE/100 g, respectively, and higher in unripe stage with values 9.73 and 9.60 mg QE/100 g, respectively. However, mango had shown a decrease in flavonoid content from unripe stage to ripen stage but significantly increased from ripen stage to overripen stage (Figure 6 ). The flavonoid is a natural pigment that can naturally be found in plant in which it can be affected by the fruit peel colouration (Schmidt et al., 2015) . The best stage to consume fruit is when the fruit is immature to get high flavonoid intake. Our results also showed that banana was the best fruit to consume because it has the highest flavonoid content at ripen stage compared to papaya which had the lowest flavonoid content. Haq et al. (2011) reported that different varieties produce different amounts of natural product and their bioactivities were also different. There were significantly positive relationships between the juice and TSS content of wax apple, banana, mango and papaya fruits (Table 2 ). Juice and TSS content increased simultaneously with the advanced ripening.
Fig 7.
Taste panel scoring of some common fruits at different ripening stages based on examined quality attributes. Twelve panelists were evaluated randomly offered fruits on a scale 0 for the lowest and 10 for the highest score based on the taste, flavor, colour, firmness, acidity, sweetness, mouth aroma, and taste remaining after swallowing quality criteria.
The regression equation showed that TSS content was the highest in wax apple fruits while juice content was the highest (r = 0.97). The findings of this study were supported by Moneruzzaman et al. (2011) , who reported that juice and TSS content of Jambu Madu Red cultivar of wax apple correlates positively. Similarly, a significant strong positive correlation was also observed in mango fruits, and the highest contents of juice and TSS were recorded in the yellowish-red ripen stage. The results also showed that anthocyanin content of mango fruits strongly correlated positively (r = 0.96) with TSS content (Table  2 ). This positive correlation suggests that fruit with higher TSS content is also an indicator of higher anthocyanin content, which represents the better quality. Besides, anthocyanin content was not strongly correlated (r = 0. 21) with the TSS content of wax apple fruits (Table 2) .
Taste panel evaluation
The attributes of colour, flavour, taste, after taste, sweetness, firmness, mouth aroma and acidity of different maturity stages fruit samples were determined by the taste panel scoring ( Figure  7) . The panelist had given the highest score of sweetness for banana as compared to other fruits as it is in agreement with TSS content in Figure 4 that showed the highest °Brix in banana.
The high sweetness can also be correlated with low score on acidity. Mouth aroma scoring was high in wax apple as the fruit ripen ( Figure 7 ). According to Lalel et al. (2003) , aroma volatile compound had increased as the mango ripens. Overall score showed the best scoring of attributes was from the over-ripen stage of all fruit types. This indicates the best stage to consume fruit was at ripen stage. It has been also reported that fruit quality can be changed by applying different plant growth regulators (Khandaker et al., 2012) . Thus, the best fruit quality to consume based on sensory evaluation was banana as it obtained the highest in the attributes of sweetness, flavour and colour compared with other fruits. The best stage of fruit to consume according to sensory attributes score was when the fruit is ripen to over ripen.
Materials and Methods
Sample collection
Local fruit of five different types, papaya (Carica papaya L. var Eksotika), mango (Mangifera Indica L. var. Arumanis), banana (Musa acuminata var. Pisang emas), wax apple (Syzygium samarangense var. Jambu madu) and tomato (Solanum lycopersicum var. MT1) was collected from markets at various locations in Besut, Terengganu. The collected fruit was chosen based on their ripening stages by their peel colour. All the five fruits were collected at unripe, colour turning, ripen and overripen stages. We have chosen these fruits because all are locally grown produce and available in the local market. All five fruits were available at different ripening stages in the local market but consumers are not sure at which stages these fruits contain the better quality.
Peel colour analysis
The peel colour of the fruits was measured using the device of Minolta colorimeter (CR-300, Konica, Japan) using the methodology by Tehrani et al. (2011) . Parameters such as "L" (lightness), "a" (greenness to redness) and "b" (blueness to yellowness) were determined at three different parts of fruit (top, bottom and middle portion). Sample averages were calculated and the colour was expressed in L * , a * , and b * Hunter parameters. By using the parameters, Chroma value, ΔC and hue angle, h° was calculated using the following formula:
Chroma value, ΔC = √ a *2 + b *2
Hue angle, h° = tan -1 b * a *
Determination of Juice and TSS content
The fresh fruit collected was extracted and weighed. The average juice weigh was calculated separately by each fruit sample. The collected fruit juice was weighed by using electronic balance. The average fruit juice was obtained by the following formula
Percentage juice = Juice weight per fruit Fruit weight ×100
The fruit juice that had been extracted from the collected fruits was used. The total soluble solids (TSS) value of fruit juices were evaluated at 25 °C with an Atago 8469 hand refractometer (Atago Co. Ltd., Tokyo, Japan) and expressed as °Brix. Several readings were taken and the samples average had been calculated.
Determination of total anthocyanin and flavonoids content
Total anthocyanin content of the fruit extract was determined by differential pH method (Rodriguez-Saona et al., 1999) . Samples was diluted by the ratio of 1:4 with two different pH buffer solutions: 0.025 M potassium chloride, pH 1.0; and 0.4 M sodium acetate, pH 4.5. The pH was adjusted using concentrated hydrochloric acid. The samples was measured with absorbance at 530 nm and 700 nm wavelengths by using water as the blank. The different of absorbance between pH 1.0 and pH 4.5 samples was calculated as follows:
The monomeric anthocyanin pigment concentration was calculated using the following formula:
Monomeric anthocyanin pigment ( mg L ⁄ ) = (A×MW×DF×1000) (ε×l) ⁄ MW= 449.2, ε = 26,900 and DF= Dilution factor Total flavonoids content was measured using method by Zhishen et al. (1999) . An aliquot (1 mL) of the sample extracts or a standard solution of quercetin (20, 40, 60, 80 and 100 mg/L) was added to distilled water in 10 mL volumetric flasks containing 4 mL of distilled water. Next, 0.3 mL 5% NaNO 2 was added to the flask. Then, 0.3 mL 10% AlCl 3 was added after 5 min. After one minute, 2 mL of 1 M NaOH was added and the total volume was made up to 10 mL with distilled water. The solution was mixed well and the absorbance was measured against a blank sample at 510 nm. The total flavonoid content of fresh fruit was expressed as mg quercetin equivalents (QE)/100 g fresh mass. Samples were analyzed in average of three replicates.
Taste panel evaluation
To evaluate the overall sensory characteristics of the five types of fruits; papaya, mango, banana, wax apple and tomato from different maturity stages and a taste panel was conducted with twelve panelists. They evaluated the randomly offered fruits on a scale from 0 to 10 (low-high scores for each evaluated variable) based on the following criteria: taste, flavour, colour, firmness, acidity, sweetness, mouth aroma, and taste that remains after swallowing.
Data analysis
The results in this experiment of triplicate were expressed as mean ± standard deviation. The data had been analysed using Microsoft Excel software. Statistical analysis was done using Minitab 16 software using one way repeated ANOVA to determine the significance among the maturity stages of the five different local fruit samples and the value of p > 0.05 was considered as significant.
Conclusion
As a conclusion, the L*, a* and b* values as well as chroma value and hue angle was used to identify the ripening stage of fruit. The highest juice content was recorded in papaya while the lowest juice content was found in banana. The TSS content of banana was the highest compared to tomato which has the lowest TSS content. The anthocyanin and flavonoid contents were the highest in banana compared to other fruits. Meanwhile, tomato has the lowest anthocyanin content and papaya has the lowest flavonoid content than other fruits. Juice, TSS and anthocyanin content of fruits increase with advanced ripening and significant positive correlations were recorded in mango and banana fruits. As for the sensory evaluation, banana and mango scores the highest in all attributes while tomato scores the lowest for fresh consumption.
